Background: From 2011, Okayama municipal government started the health checkup follow-up project to find those who were unaware of suffering chronic kidney disease and to prevent from aggravation of CKD stage. In this study, we aimed to evaluate the effect of 2 years' CKD-follow-up project regarding renal function and CKD risks. Patients and methods: Those who received a health checkup by the national health insurance in Okayama city in 2011 were recruited. The patients with lifestyle-related diseases or metabolic syndrome were excluded. Subjects who had an estimated glomerular filtration rate<50 mL/min/1.73 m 2 or urinary protein positive by dipstick test were defined as compromised renal function group. They were recommended to visit a medical institution. Non-compromised renal function participants with two or more risks for CKD (hyperglycemia, higher blood pressure, dyslipidemia, hyperuricemia) were recommended to receive a health guidance (risk group). The change of renal function and CKD risks between 2011 and 2013 in each group was examined. Results: A total of 28,309 people received a health checkup in 2011. In compromised renal function group, 39.5% (96/243) of the subjects improved their CKD stages in 2013 regardless of the visit of medical institutions or the frequency of receiving health checkup. In risk group, 63.4% (260/410) of the subjects decreased their CKD risks in 2013 independent of the reception of health guidance.
Introduction
It is estimated that more than 10% of the adult population suffer from chronic kidney disease 1 in Japan. 2 The frequency of end-stage renal disease (ESRD) has been increasing not only in Japan but also worldwide. 3 CKD is a critical risk factor for ESRD. [4] [5] [6] [7] [8] Furthermore, CKD is more relevant to mortality than ESRD. 8 Both the sufficient treatment with CKD patients to prevent from aggravation of CKD stage, a societal demand for new strategies to find the subjects who are unaware of suffering CKD has raised. Since symptoms of renal insufficiency usually fail to come up until at severe stage of CKD, it is quite important to find patients with CKD or people with CKD-risks and to initiate proper treatment for CKD as early as possible. The number of patients who receive maintenance dialysis has grown larger over 320,000 people in Japan, and still increasing. 17 In addition, the number of patients who newly require maintenance dialysis has increased; the number of patients who started maintenance dialysis in 2012 was 38,055 and those in 2014 was 38,327. 17 In Japan, hemodialysis is most widely selected as renal replacement therapy in comparison with western countries. Consequently, medical expense for these patients increased in proportion to the number of patients and reached about 1.6 trillion yen. In Okayama city in Japan, annual medical costs of maintenance dialysis have been increasing. To rein municipal government expenditure, a regular health checkup is recommended in general population. This checkup is anticipated to find a new patient with any kind of diseases, especially an earlier stage of CKD. An early awareness of renal dysfunction can give rise to a motivation for an early intervention for CKD, possibly reducing the incidence of CKD and ESRD, and lowering medical costs borne by the national health Insurance. Given these backgrounds, a "CKD-follow-up project" started from 2011 in Okayama city. The main aim of this project was identifying the general people who were still untreated for CKD risk diseases and were unaware of CKD itself or CKD risk. Therefore, we excluded the people who received the oral medical treatment for hypertension, diabetes mellitus, or dyslipidemia, the people who required a specific health guidance or were diagnosed with metabolic syndrome. Accordingly, we were able to identify the subjects who were unaware of their kidney dysfunction, abnormal urine test, or at least one of the risk factors for CKD by a regular health checkup and to notify them of a need of intervention. It is expected that the notification may raise an awareness of CKD itself or a risk for CKD to those who are preferable to change their lifestyle, to receive further medical checkup or, in some cases, to start a treatment for their renal dysfunction. In this study, we aimed to evaluate the effect of 2 years CKD-follow-up project regarding renal function and CKD risks.
Materials and methods

Study subjects and design
A total of 28,309 subjects aged 40 to 74 years old received a health checkup in Okayama city in 2011. Of them, 12,389 with the oral medical treatment for hypertension, diabetes mellitus, or dyslipidemia were excluded. Further, 3,777 subjects who required a specific health guidance or were diagnosed with metabolic syndrome were excluded. Among the reminders, 440 subjects who had estimated glomerular filtration rate (eGFR)<50 mL/min/1.73 m 2 or urinary protein positive (including eGFR ≥50) in urinalysis were recruited as the compromised renal function (CRD) group. A notification of the recommendation for medical institution visit was sent to each person of the CRD group. Next, 686 non-CRD subjects who were at high risk of CKD recruited as the risk group. That is, the risk group included the subjects who had eGRF≤50-60 mL/min/1.73m 2 and two or more risks for CKD and the subjects who had eGRF≤60-90 mL/min/1.73m 2 and three or more risks for CKD. The definition of each risk was as follows: 1) hyperglycemia: fasting plasma glucose levels ≥100 mg/dL or HbA1c ≥5.2%, 2) hypertension: systolic blood pressure ≥130 mmHg or diastolic blood pressure ≥85 mmHg, 3) dyslipidemia: serum triglycerides concentration ≥150 mg/dL or HDL-cholesterol concentration <40 mg/dL, 4) hyperuricemia: serum uric acid concentration ≥7.0 mg/dL, in accordance with the health guidance program such as sending notification of one's own health condition and motivating to take a spontaneous action for health that the Ministry of Health, Labour and Welfare in Japan advocated in 2007. 18 A notification of the recommendation for receiving health guidance was sent to each of the risk group. The reminders of subjects "subjects with single risk factors or healthy subjects" were not provided the recommendation for receiving health guidance. Finally, among both the CRD group and the risk group, subjects who received a health checkup in 2013 were enrolled in this study. We investigated the data of health checkup between 2011 and 2013 and examined the efficacy of this project on renal function and CKD risks in each group. Local governments sent an official letter to residents to receive an annual health checkup under their own volition.
Baseline measurements
Blood samples were collected after an overnight fast and were assayed within 24 hrs with an automated clinical chemistry analyzer. 
Results
CRD group
The number of people who received a health checkup by the national health insurance in Okayama city in 2011 was 28,309. Of them, 440 people were recruited as the CRD group ( Figure 1 ). Among them, 264 people in CRD group received a health checkup after 2 years ( Figure 2 ). Twohundred and forty-three subjects of 264 were examined for serum creatinine concentration in both 2011 and 2013. 50≤ eGFR <60ml/min/1.73m 2 and two or more CKD risk or 60≤ eGFR <90ml/min/1.73m 2 and two or more CKD risk 50≤ eGFR <60ml/min/1.73m 2 and one or less CKD risk or 60≤ eGFR <90ml/min/1.73m 2 and two or less CKD risk Data were not available (0.0003 %,n = 9)
Effect of notification of CKD status
The healthy group (9.7 %, n =2,740)
The patients in the oral medical treatment for hypertension, diabetes mellitus and dyslipidemia (43.8%, n = 12,389) Subject to specific health guidance (13.3%, n = 3,777)
CRD group (1.6%, n = 440) Risk group (2.4%, n = 686) 
Effect of frequency of health checkup on CKD stage
Next, we investigated whether the frequency of receiving health checkup affected stage of CKD in 2013. For analysis, the CRD group (n=264) was divided retrospectively into two groups, ie, frequent group and non-frequent group. The frequent group represented those who received health checkup every year. In contrast, the non-frequent group represented those who did not receive health checkup in 2012. There were no significant differences between the baseline parameters of each group (Table 1) . Two-hundred and nineteen subjects of the frequent group were examined for their renal function. 
Risk group
Six-hundred and eighty-six subjects were categorized into the risk group in 2011 ( Figure 1 ). Four-hundred and thirtysix people in the risk group received a health checkup after 2 years (Figure 8 ). We investigated whether the reception of health guidance affected the status of CKD stage and risk in 2013. For analysis, the risk group (n=436) was divided retrospectively into two groups, ie, receive group (n=89) and non-receive group (n=347). The receive group represented those who received a health guidance in 2011 and/or 2012. The non-receive group represented those who never received a health guidance. Compared to receive group, the mean age of non-receive group was younger and the mean systolic blood pressure of non-receive group was higher in the baseline (Table 2) . To investigate the effect of reception of health guidance on the reduction of CKD risks, the subjects who were evaluated for all four CKD risks in 2011 and 2013 were examined. In both groups, compared to 2011, more than half of the subjects decreased their CKD risks in 2013 (Table 3) . However, receiving health guidance did not increase nor decrease the number of CKD risks (Table 3) . Furthermore, a stratified analysis demonstrated that reception of health guidance did not reduce any CKD risks (Table 4) .
Discussion
In this study, we examined the effect of notification of impaired renal function or existence of at least two CKD risks according to health checkup records for CKD on renal function, proteinuria and other CKD risks in general population in Okayama city. In both the CRD group and the risk group, the notification provided favorable effects after 2 years, regardless of visit of medical institutions or reception of health guidance in follow-up duration in this cohort. In the CRD group, 39.5% (96/243) of the subjects improved their CKD stages and distributions of the classification by CKD heat map after 2 years. It is likely considered that notification of CKD might motivate these subjects to take a spontaneous action for health, ie, visiting medical institutions and improving their lifestyle. However, contrary to our expectation, the visit of medical institutions did not improve the classification of CKD heat map after 2 years. It appears that CKD status may not improve in this short period. In addition, there are other possible reasons. First, some subjects who visited a medical institution might not be referred to a specialist of nephrology. Second, the subjects who were referred to a specialist might not receive health checkup in 2013. Third, since relatively young subjects were included in this study, they might move out of town in 2 years. Fourth, the younger are likely to take less notice on their own health; therefore, subjects who required detailed examination might fail to visit medical institutions. However, the improvement of renal function in 2013 was independent of the visit of medical institutions or the frequency of receiving health checkup. Given these observation, it is likely concluded that a notification of CKD itself caused behavior change to improve their renal function, in consequence.
In the risk group, since more than half of the subjects decreased their CKD risks in 2013, it appears that notification of CKD risk or the recommendation for reception of health guidance might improve their lifestyle. However, no preferable effect of the reception of health guidance on the reduction of CKD risks was found. In our cohort, the baseline characteristics of receive group and non-receive group were similar except small differences in age and systolic blood pressure. Therefore, there are two possible reasons for no preferable effect of the reception of health guidance. First, subject of both groups might be well motivated by the notification itself to change their behaviors. Second, the content of health guidance might not be rich enough to improve their lifestyle. It should be reviewed to include the intelligible information. Taken together, it is likely considered that a notification of CKD risk itself was effective.
In general, a medical institution is able to serve medical treatments only to those who visit the institution, in some cases, with severe disease. Therefore, it is highly expected that the general public should pay more attention to their own health to find CKD early and to prevent from the progression of CKD. For this, a municipal government should play a significant role to motivate its civilian to take a spontaneous action for health. This project of Okayama city municipal government's intervention was, at least in part, successfully effective in the prevention from the progression of CKD in 2 years' follow-up period. As a whole, we emphasized the importance of receiving health checkup and awareness of health condition for the general public.
This study has several limitations. First, the observation period of the study was relatively short to evaluate the prognosis of renal function. In general, the worse renal function progresses the disease faster. 23 Since few subjects who had severe renal dysfunction were included, renal function in our cohort did not dramatically change in just 2 years. Therefore, further long-term observation was required to evaluate the effect of intervention on the progress of renal function. Second, this study was based on a single arm, retrospective, observational data and the authors could not set the control group "the people who did not participate in the health check-up". There was no choice judging from the nature of the study. The authors admit naturedly that the result of this study and the effect of notification of CKD risk or the recommendation for reception of health guidance lacked satisfactory evidence. Thus, the real effect of our intervention might be under (over) estimated. Third, there is a selection bias. The number of subjects who were eligible to receive a health check-up who aged between 40 and 74 in Okayama City were 120,266 in 2013. Basically, Japan has a universal health insurance coverage. This health check-up was performed for the people who hold national health insurance. However, only 28,309 subjects received a health check-up in 2013. There was a possibility that they were originally motivated regarding their health maintenance. Further, in the current study, all subjects received health checkup more than once in 2 years. Therefore, it appears that many of subjects might be originally high-motivated to their health. It is likely that they might change behaviors by themselves to improve their renal function. Fourth, the current findings may have been brought by the regression toward the mean. In this study design, participants with CKD or CKD risk factors were followed up for eGFR or CKD risk factors. In health checkup, the person who had the worse result naturally tend to improve in next time, the person who had the better result tend to remain. The authors might observe a part of natural The number of CKD risks were increased in 2013 22 (6.7%) 4 (4.8%) p=0.597
Notes: All the four CKD risks: 1) hyperglycemia: fasting plasma glucose levels ≥100 mg/dL or HbA1c ≥5.2%, 2) hypertension: systolic blood pressure ≥130 mmHg or diastolic blood pressure ≥85 mmHg, 3) dyslipidemia: triglycerides ≥150 mg/dL or HDL-cholesterol<40 mg/dL, and 4) hyperuricemia: plasma uric acid ≥7 mg/dL. p-values were obtained by Chi-square-test. drift of laboratory tests during the follow-up period. However, it is important to observe own renal function by routine health checkup.
Conclusion
In conclusion, 2 years' CKD follow-up project provided a significant improvement of renal dysfunction. Irrespective of the visit of medical institutions or the reception of health guidance, a notification of CKD status and the recommendation for medical institution visit or for reception of health guidance kept the subjects' eyes on their health condition, potentially leading to renal protective effect. A longer term follow-up will be needed to clarify the effect of this project on the prevention from CKD progression or prognosis in general public.
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